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INTRODUCTION 
For PWR power plants, the steam generator (SG) provides a dynamic 
link between the reactor and the turbine generator. A steam generator 
typically consists of Inconel tubes anchored at intervals with 
stainless steel support plates. The primary coolant from the nuclear 
reactor circulates through these tubes. Heat, transferred to the 
secondary coolant by conduction through the tube wall, generating 
steam which is used for running the turbine. 
Failures of the steam generator tubing often result in damage to 
the power system, and this may lead to costly unscheduled shutdowns 
and the loss of power revenues. Therefore, a thorough nondestructive 
testing examination of steam generator tubes prior to service as well 
as throughtout their life is absolutely important to maintain 
reliable and safe operation of nuclear power plants. 
Commonly, steam generator tubes are nondestructively tested by 
measuring the eddy current, which is a technique of utilizing the 
effects of electro-magnetic fields and induction for material 
characterization. The inspection techniques involve pushing a 
differential (or absolute) eddy current probe excited by an 
alternating current source through the tube under testing. When the 
probe encounters a defect, perturbations in the differential impedance 
trace a trajectory; namely, the Lissajous pattern characteristic of 
the defect. A typical example of impedance plane trajectory for a 
discontinuity of a through wall hole is shown in Fig. 1. A detailed 
description of the theoretical principles and the testing methods had 
been given by Libby [1] and McMaster [2]. 
During a steam generator tubing inspection, many discontinuous 
properties of the generator may disturb the eddy current examination 
data. These disturbances are needed to be suppressed to evaluate the 
true defect signals. 
In this paper, a " mixer " technique to suppress the disturbance 
caused by a support plate is presented. The same technique but with a 
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Fig. 1 A typical signal pattern for a discontinuity of the 
through wall hole inspected by a differential probe 
different approach can be found elsewhere [3][4][5]. The method here 
is based on selecting two different frequencies. One is the major 
frequency or the high frequency, fH , which obeys the skin effect and 
is able to be determined by the material and the thickness of tube; 
the other is the low frequency, fL , whose value is selected 
approximately between one-half to one-fourth of the major frequency. 
The mixer technique is performed by using the rotation and the scaling 
of the low frequency signal and then adding (or subtracting) it to the 
high frequency signal. Details of the algorithm and the experimental 
results are given in each of the sections which follow. 
SOFIWARE MIXING ALGORITHM 
To cancel the support plate signal, the software mixing 
algorithm which we developed uses rotation, scaling, projection, 
etc. Before our discussion of the algorithm, the rotation matrix A 
must be introduced first. Let H,V,Z be the three principal axes of 
the orthonormal coordinate system. For any point P in the H-V plane 
it's value can be written in a vector form P = [x,y,z]T , where T 
denotes transpose the matrix and and z=O. Suppose ~oint P is 
rotated to P' about the Z axis and e is the amount of the rotation 
angle measured in a counter clockwise direction [6], then P'= AP, or 
where 
[x'] [cc:se- sin!i OJ [x] y' = s1ne cos(:! 0 y 
0 0 0 1 0 
A [ 
COSfj - sin 8 
sine cos e 
0 0 ~] 
and A is called the rotation matrix. 
(1) 
A similar analysis can be used to derive expressions for the 
other two fundamental rotation matrices. In particular, if B 
represents a rotation about V-axis by an angle !fi , and if C 
represents a rotation about H-axis by an angle !fi , then: 
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[cos' 0 -s6n~ c = [ ~ 0 -s~n •] B = 0 1 COSI/i 
sin tp 0 cos tp ' sin"' cos q; 
(2) 
Secondly, the scaling matrix D 
0 
{3 
0 
is defined 
where a and {3 are real scalars. 
as 
(3) 
Consider a pair of band-limited analogue signals, X0 (t) and Y0 (t), 
where 0 ~ t ~ T, and T is the time of duration. These two signals 
correspond to the high frequency and the low frequency Lissajous 
patterns, respectively. Since the Lissajous pattern is only composed 
of the horizontal and vertical component part of a signal, they are 
expressed in a 2x1 in stead of a 3x1 matrix form for simplicity. 
(4) 
For digital signal processing, the analogue signal which is 
continuous with time should be sampled at regular intervals. Let 
X0(n) and Y0 (n), (where n = 0, 1, .... , N-1) be the ccrresponding 
sampled wave-form, where the sampling period T8 = T/N and sampling 
frequency fs = 1/Ts are chosen according to Nyquist's law for 
avoiding the aliasing effect. The sampled data then can be wirtten as 
Xo(n) =[Xo,h(nTs)l Ya(n) [Ya,h(nTs)J (5) 
Xo,y(nTs) j, Yo,y(nT 8 ) 
where n = 0, 1 , .... , •. , N-1 
For the sake of simplifying the notation, the 
T8 can be set equal to a unit time, i.e., Ts = 1. 
and Y0 (n) in Eq. (5) can be expressed as 
sampling interval 
Therefore, X0 (n) 
Xa(n) = [Xo,h(n)J ' Ya(n) = [ Ya,h(n)J (6) 
X0 ,y(n) Y0 ,y(n) 
The software mixing algorithm has several consecutive steps as 
follows: 
Step 1 Rotate the high frequency Lissajous pattern, X0 (n), about Z 
by an angle 01 , such that the phase angle of X1(n) after 
rotation is equal to zero. Mathematically, this c·peration 
can be expressed as 
x, (n)= A,· X0 (n)= [ ::::: -:::~ [ ::: :::J = [ :: : ::::] (7) 
Where 01 is the phase angle of the high frequer:cy signal Xo(n). 
Similarly, using the same operation for the low frequency 
signal, one can obtain 
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(8) 
Where 02 is the phase angle of the low frequency signal Y0 (n). 
Step 2 Scale the low frequency pattern Y1 (n), such that its 
horizontal and vertical component are close to that of the 
Step 3 
Step 4 
high frequency or:· OJ(Y, ,h(n)J [y2 •h(n)J 
Y2(n)=D1 ·Y1 (n)= = (9) 
o fJ Y1 , v(n) • Y2 ,v(n) 
where 
maximum value of X0 ,h(n) maximum value of X0 ,y(n) 
a = {3 
maximum value of Y0 ,h(n), maximum value of Y0 ,y(n) 
Rotate the low frequency pattern, Y2(n), about the H axis by 
an angle. After rotation, Y3 (n) is then projected on the 
. 1 0 0 Y2,h(n) Y3 ,h(n) I H-V plane. [ [ ""' 
Y3 (n)=C1·Y2(n)= o c~sq>-sinJ Y2,v(nn=[Ya.v<n>J 
0 smrp cos~ 0 ) Y3 (n) ( 10
) 
The ~urpose of the projection of Y3 (n) on H-V plane is to 
ignore the Z-axis component of Y3 (n). From Eq.(lO) one can 
find 
and 
Ya' •h(n) 
Ya' .v(n) 
Y2•h(n) 
Y2,v(n) . cos q> 
Let Y3 '(n) stand for the matrix of Y3 (n) 
then we ha[Ya' •h(n)J 
Y3'(n) = 
Y3 ' ,y(n) 
after projection, 
Evaluate the sum of the low frequency pattern Y3 '(n), and 
the high frequency pattern x,(n), and calculate the mixing 
residual value. 
[ X, ,h(n)+Ya' •h(n)J lX2,h(n
)J 
X2(n)=X 1 (n)+Y3 ' (n)= = 
X1 ,y(n)+Ya' ,y(n) X2,y(n) 
And the mixing residual value J is estimated using the 
following equation 
N-1 
J r J X~ , h(n) + X~,v(n) 
n=O 
(for arbi tary rp ) 
( 11) 
( 12) 
( 13) 
The optimum mixing output can be determined by minimizing 
the residual value J for an arbi tary angle q> • For doi~ 
this, in the calibration stage, one may rotate w from 0 
to 180° with 1° stepwise to find the optimum rotation angle. 
Step 5 Inversely rotate the signal of the output of mixer, X2(n), 
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about Z axis by an angle81 , (where 81 is defined in Eq.(8)) 
for the recovery of the original defect information. 
x,(nJ.A,' · X ,(n) ·[_::::: ::~ [::: ::::1 ( 14) 
Fig. 2 The flow chart of the software mixing algorithm 
The complete procedures for the above-mentioned steps are 
shown with a flow chart in Fig. 2. 
EXPERIMENTAL RESULT AND DISCUSSION 
In order to verify the signal mixing algorithm, a set of 
synthetic signals was first used which included the high frequency 
signal H(t) shown in Fig.3(a), and the low frequency signal L(t) shown 
in Fig.3(b). These signals can be expressed as: 
[
Hh(t)] H(t) = , 
Hy(t) [
Lh(t)] L(t) = 
Ly(t) 
where 
Lh(t) 
Ly(t) 
fa= 1Hz 
sin (2nf0 t) 
[ -2 ·t· sin(2nf0 t) 
-2•(1-t)•sin(2n£0 t) 
1.2·sin(2nf0 t) 
[ 2.5·t·sin (2nfot) 2.5·(1-t)•sin(2nf0 t) 
( 15) 
0 ~ t ~ 
0 ~ t ~ 1/2 
1/2 ~ t ~ 1 
0 < t ~ 
0 ~ t ~ 1/2 
1/2 ~ t ~ 1 
These signals are then ~ampled with a sampling frequer.cy of 256Hz 
to produce 256 discrete time data. By using the signal m1x1ng 
procedures shown in Fig.3, the results of the mixing output and the 
optimum mixing rotation angle and residual value are shown in Fig.3(c) 
and 3(d). In those figures the output of the software mixer is pretty 
701 
Jlr 
' 
/ 
(a) (b) 
Optimum rotation 
angle = 166° 
Mixing resiaual 
(c) value = 5.8~ (d 
Fig. 3 The synthetic support plate signal under noise-free 
conditions. 
(a) Signal in high frequency channel. 
(b) Signal in low frequency channel. 
(c) The mixing output. 
(d) The optimum mixing rotation angle and 
good since the estimated residual value is very close to zero. The 
signal used for the above analysis is the noise-freE one. For the 
purpose of making the data as real as possible, 5% random white noises 
with zero mean and one variance are added to the horizontal component 
part of the two frequencies under consideration. The new synthetic 
signals with noise are shown in Fig.4(a) and 4(b). After mixing, both 
the optimum rotation angle and the residual value are shown in 
Fig.4(c) and 4(d), respectively. Again, a very good signal mixing 
result is obtained. 
In order to simulate the interaction between suppport plate and 
tube, an Inconel 600 tube was selected which is the same material as 
the one used in steam generator 7/8 inches in outside diameter and 
0.05 inches in wall thickness. This tube was manufactured with 
several flaws according to the ASME (American Society of Mechanic 
Engineering) standard. The influence of the support plate is 
simulated by a carbon steel ring with a length of 0.7 inches and a 
thickness of 0.15 inches. The testing probe used in this case is the 
robbin differential type and the Zetec MIZ-12 instrument is selected 
as our eddy current tester. The testing condition for both channel 1 
and channel 2 are presented in Table I, and the corresponding support 
plate signals are shown in Fig.5(a) and 5(b), respectively. 
After finishing the software mixer, the results are shown in 
Fig.5(c) and 5(d). One may find the residual value is somewhat larger 
than that of the previous examples. The reason is that the Lissajous 
pattern of low frequency channel has a little distortion. The next 
case is the defect of a through hole that occurred under the support 
plate region. Fig.6(a) and 6(b) show the Lissajous patterns of high 
and low frequency. Originally, it is difficult to analyze the defect 
signal which is disturbed by the support signal. However, after the 
mixer is finished, the original form of the through-hole signal is 
recovered and is much easier to identify. The results are given in 
Fig.6(c). In addition to the experimental results described above, 
the support plate induced eddy current signals during a regular field 
inspection of nuclear power plant steam generator tubes are also used 
in this research in order to validate out mixing algorithm. From the 
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results shown in Fig. 
distorted, through 
minimized. 
7, one can see although the signals are heavily 
our mixing software their influence can be 
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(a) (b) 
Optimum rotatlon 
angle = 167" 
Mixing residual 
(c) value = 6. lO (d) 
Fig. 4 The synthetic support 
plate signal with 5% 
white noise condition. 
(a) Signal in high 
frequency channel. 
(b) Signal in low 
frequency channel. 
(c) The mixing output. 
(d) The optimum mixing 
rotation angle and 
residual value. 
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(a) (b) 
' 
Optimum rotation 
angle = 59° 
Mixing residual 
(c) value = 159.5rd) 
Fig. 6 The through hole signal 
distorted by the support 
plate. 
(a) Signal in a frequency 
of 400KHz. 
(b) Signal in a frequency 
of 100KHz. 
(c) The mixing output. 
(d) The optimum mixing 
rotation angle and 
residual value. 
JIC 
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(a) (b) 
Optimum rotation 
angle = 61° 
~ 
Mixing residual 
value= 140.14 
(c) (d) 
Fig. 5 The simulated support 
plate signal. 
(a) Signal in a frequency 
of 400KHz. 
(b) Signal in a frequency 
of 100KHz. 
(c) The mixing output. 
(d) The optimum mixing 
rotation angle and 
residual value. 
Jl[ 
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(a) (b) 
pptimum rotation 
angle = 180° 
~ !Mixing residual 
(c) value = 1~3.32(d) 
Fig. 7 The real field support 
plate signal. 
(a) Signal in a frequency 
of 630KHz. 
(b) Signal in a frequency 
of 150KHz. 
(c) The mixing output. 
(d) The optimum mixing 
rotation angle and 
residual value. 
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Table I. The test condition for the simulated support plate signals. 
--------
Ch. #1 Ch. #2 
Frequency (KHz) 400 100 
Phase (degree) 181 181 
Gain (dB) 65 21 
CONCLUSION 
In summary, a simple software mixer algorithm which offers a way 
to reduce the unwanted support plate signals has been presented. This 
algorithm plus same testing examples illustrate a significant 
improvement in the cancellation of the influence of the support plate. 
It may provide a promising method for implementation in field 
application. In the near future, the algorithm will be expanded and 
combine with the signal evaluation software package [7) which had been 
developed by Materials Research Laboratory (MRL), ITRI, to provide a 
useful software tool to assist the analyst in evaluating the field 
data. 
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